The aim of this study was to investigate the effect of active shoulder exercise with a sling suspension system on shoulder subluxation, proprioception, and upper extremity function in patients with acute stroke.
Background
Shoulder subluxation is a frequent complication of post-stroke hemiplegia [1] . The incidence of shoulder subluxation in patients following a stroke varies from 7-81%, and 73% occur in the acute stage [2] . In a 10-month follow-up study, shoulder subluxation was shown to be further aggravated in 67% of patients over time [3] . Shoulder subluxation in patients with hemiplegia increases the distance between the acromion and the humeral head, which may delay the recovery of upper extremity function and may reduce proprioception [1, 4] . Shoulder subluxation can cause adhesive capsulitis which can cause shoulder pain that increases over time [5] . Therefore, active management and rehabilitation of shoulder subluxation to recover upper extremity function in patients with acute stroke should begin immediately after the onset of stroke [6, 7] .
Previous studies attempted to reduce shoulder subluxation in patients with hemiplegia and have reported the use of shoulder subluxation therapy with an arm sling [8] , electrical stimulation therapy [9] , upper limb taping [10] , and the use of robot-assisted upper limb rehabilitation [11] . However, the use of an arm sling can result in difficulty in walking due to the limitation of symmetrical movement of both arms while walking, and prevention of normal sensory input due to a fixed shoulder joint and increased flexor synergy [7, 12] . The use of taping can cause trauma to the skin at the sites where the skin is attached [1] . Robot-assisted therapy is not universally used due to problems caused by installation and the unclear effects on upper limb function. Therefore, general rehabilitation treatment should be performed concurrently with any assisted rehabilitation methods [13] .
Recently, a sling suspension-based exercise method has been used that can compensate for gravity by hanging part of the body on a string or to minimize resistance to movement by reducing friction on contact with the floor [14] . Because the upper limb of the stroke patient is more sensitive to gravity than the lower extremity, sling suspension can induce selective active muscle contraction in the muscles around the shoulder joint by adjusting the gravity applied to the upper limb [13] . Fill et al. [15] reported that muscle strengthening through the active contraction of the muscles around the shoulder joint is crucial for reducing shoulder subluxation.
However, few studies have investigated active exercises for the muscles around the shoulder joint in hemiplegic patients following acute stroke. Also, no exercise program can induce active muscle contraction at the initial stage, although shoulder subluxation usually occurs at this stage. Therefore, the purpose of this study was to investigate the effect of active shoulder exercise using a sling suspension system on shoulder subluxation, shoulder proprioception, and upper extremity function in patients with acute stroke.
Material and Methods

Study participants
The study included 36 post-stroke patients admitted to a university hospital in the Republic of Korea. The study inclusion criteria were a stroke within less than four weeks before the study, and a diagnosis based on the World Health Organization (WHO) guidelines and confirmed by clinical examination and magnetic resonance imaging (MRI), and shoulder subluxation of 9.5 mm or more [16] . Study inclusion criteria also required adequate cognitive function to participate in the training, as determined by the Mini-Mental State Examination (MMSE) score (range, 0-30) with a score of 24 or more, and shoulder flexor and abductor manual function test (MFT) score between fair to poor and no excessive spasticity, as defined by a modified Ashworth Scale score of 2 or more.
The study exclusion criteria were any accompanying diseases or disorders, other than stroke, that could interfere with upper extremity training, and uncontrolled health conditions for which exercise was contraindicated. The study was approved by the Wonkwang University Hospital Institutional Review Board (IRB No. WKUH 201510-HR-094) and was conducted following the criteria established by the Helsinki Declaration.
Study design
This study used a single-blind, randomized and controlled design. The 36 study participants were randomly assigned to a study group (n=18) and a control group (n=18). The randomization method was performed using closed, sealed envelopes for each study participant that contained the group assignment, and the assessor was blinded to the patient group assignments. All participants were informed of how their test results would be used, and they signed written informed consent to participate in the study All study participant underwent general physical therapy and occupational therapy. Active shoulder exercise using the sling suspension system was performed by the study group (n=18) and bilateral arm training was performed by the control group (n=18), for 40 minutes, for five days a week, and for four weeks. The sling suspension system used in this study was a Redcord™ sling exercise therapy device (Redcord AS, Staubo, Norway). The sling suspension exercise program (study group)
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The sling suspension exercise program is a method designed to strengthen muscles around the shoulder joint [17, 18] . First, horizontal a shoulder abduction-adduction exercise was performed in the sitting position with the elbow in full extension. Second, an internal-external shoulder rotation exercise was performed in the sitting position with the elbow flexed at 90°. Third, the shoulder flexion-extension exercise was performed while positioned on the side with the elbow in full extension. Fourth, the shoulder abduction-adduction exercise was performed in the supine position with full elbow extension. The exercises were performed in the active range of motion. The position of the hanging point and the sandbag (weight, 1-3 kg) determined the intensity of the exercise.
The bilateral arm training program (control group)
The bilateral arm training program consisted of four components [18, 19] . All the exercises were performed with both hands clasped together. First, a shoulder flexion-extension exercise was performed in the sitting position. Second, an elbow joint flexion-extension exercise was performed with 90º shoulder joint flexion. Third, a forward-reaching exercise was performed in the supine position. Fourth, a pull into the body was performed at 90° shoulder joint flexion and 180° elbow joint extension. A sandbag (weight, 1-3 kg) was used to determine exercise intensity.
In the exercise programs, each set of exercises was performed 20 times, and a total of five sets of exercises were included in each session. A physiotherapist with five or more years of experience was present to monitor the exact method of exercise, number of exercises, and the physical status of each patient (Figure 1 ).
Outcome measures
The shoulder subluxation distance was evaluated using an L-shaped thermoplastic rod (or jig) containing an embedded tape measure that was able to move [20] . The rod was placed on the acromion, and the end of the movement was measured at a point drawn by a pen to allow the length of movement to be measured. Subsequently, the degree of subluxation was re-measured to compare the difference between pre-exercise and post-exercise shoulder subluxation. This method of measurement was chosen due to its reliability, reproducibility, and accuracy [20] .
The assessment of shoulder proprioception was performed using a repositioning test of shoulder flexion position sense, using five specified angles (30°, 60°, 90 °, 120°, 150°), determined using boards. The patients underwent measurements of shoulder joint flexion through the paralyzed upper limb by hanging the limb from the sling in while on their side in a lying position. The paralyzed shoulder joint was manually positioned twice at each angle to allow recognition of the position at each angle. The study participants performed two repositioning tests in random order from each angle with their eyes closed. The error angle was measured and the mean value was calculated and recorded [21] .
The Fugl-Meyer assessment (FMA) tool was used for quantitative assessment of the functional recovery of the hemiplegic stroke patients. This tool assessed motor function, sensory function, balance, the range of motion, and joint pain, and was divided into 66 points for evaluation of the upper extremity. Examination of the upper extremity only was performed and the shoulder, wrist joint, hand reflex, voluntary movement, and coordination were examined. The Fugl-Meyer assessment method was chosen because of its high reliability, reproducibility, and validity [22] .
The manual function test (MFT) is a rapid method of measuring upper limb function and movement ability in patients with stroke. One point was recorded for each item performed, and zero points were given when performance was impossible, with the highest total number of points being 32 [23] .
Statistical analysis
All data were analyzed using SPSS Win version 22.0. The baseline characteristics of the subjects were analyzed using descriptive statistics. Pearson's chi-squared (c 2 ) test and the Mann-Whitney U test were performed to determine the differences between the study and control groups. The ShapiroWilk test was used to assess the normality of data distribution. Data were presented as mean and standard deviation (SD). Within-group differences from pre-test to post-test measurements were evaluated using paired t-tests. Between-group differences at the time points of measurement and mean score changes were evaluated using independent t-tests. A p-value <0.05 was considered to be statistically significant.
Results
There were no significant differences in the affected side, type of lesion, and age between the study group and the control group (Table 1 ) (p>0.05). Table 2 shows the results of the study group and the control group that were recorded pretreatment and post-treatment. Baseline findings showed no significant differences between the two groups. Patients in the study group significantly improved compared with the control group for all outcome measures.
The change in distance measured in shoulder subluxation was significantly greater in the study group than in the con- Table 1 . Pre-treatment baseline characteristics of the study group (n=18) and the control group (n=18).
Values are presented as the mean ± standard deviation (SD). MMSE -Mini-Mental State Examination. * Range of scores, from 0-30.
Discussion
This study was conducted to investigate the effects of active shoulder exercise using a sling suspension system on shoulder subluxation, shoulder proprioception, and upper extremity function in patients with shoulder subluxation following acute stroke. The results showed that in the study group, active shoulder exercise with the sling suspension system resulted in significant improvement when compared with the control group in which patients underwent bilateral arm training, in terms of shoulder subluxation distance, shoulder proprioception, the Fugl-Meyer assessment (FMA), and the manual function test (MFT).
In the active shoulder exercise with sling suspension system protocol, when the paralyzed upper limb with subluxation was hung on the sling suspension system, the influence of gravity on the upper limb was minimized. This protocol allowed the patients to facilitate selective movements of the muscles involved in stabilization of the shoulder joint [14] . Also, this suspension system allowed intensive training of the upper extremity of the affected side and reduced the occurrence of involuntary flexor synergy that can interfere with upper limb movements [24] . Previous studies have shown that active muscle contraction of the shoulder joint is the most important method for reducing shoulder subluxation [15] . However, no previous studies have been undertaken on the use of active shoulder joint exercises in the acute stage within four weeks following stroke although subluxation is most likely to occur at this stage.
Kim et al. [25] reported that 25 patients with hemiplegia with shoulder subluxation in their study group showed significantly reduced subluxation as a result of applying shoulder joint isometric contraction with a sling suspension system to the upper extremities when compared with a control group. Fil et al. [15] reported that 48 patients with acute stroke with subluxation of less than 9.5 mm underwent selective muscle strengthening exercises of the rotator cuff and the deltoid muscle by correct alignment of the shoulder complex, resulting in decreased subluxation in the study group. The results of these previous studies support the findings of the present study, which included patients in the acute stage following stroke with the aim to reduce subluxation assisted by gravitational compensation to promote selective movement of the shoulder joint.
The possible mechanisms responsible for reducing the shoulder subluxation distance in patients with acute stroke after a short period of training may be identified from previously published studies [15, 24, 26] . Although the therapeutic intervention method is also important for the reduction of subluxation in patients with stroke, the timing of treatment initiation is a more important factor [26] . Patients in the acute stage of stroke, of less than one month in duration, showed clinically significant differences between the study group and the control group including in shoulder subluxation distance because the upper limb weight was supported by the sling suspension system, gravity was compensated for, and the flexor synergy was reduced. Using active shoulder exercise with a sling suspension system, selective muscle strengthening occurred following exercise of the muscles involved in the stabilization of the shoulder joint.
Participants in the active shoulder exercise with sling suspension system showed significantly improved shoulder proprioception, as measured by the repositioning error test, compared Table 2 . Comparison of shoulder function within the study and control groups and between the study and control groups.
a Mean ± standard deviation (SD). * Significance of the difference within groups; # significance of the difference between groups. Pre-test was performed before the intervention, and post-test was performed after four weeks. In the pre-test comparison between the study and control groups, there was no significant difference (P>0.05). The significance level was set at P<0.05 for differences between the two groups. CI -confidence interval; SSD -shoulder subluxation distance; SP -shoulder proprioception; FMA -Fugl-Meyer assessment; MFT -manual function test.
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with the control group in which patients underwent bilateral arm training. Movement disorders due to the instability of the shoulder joint in patients with stroke lead to reduced shoulder position sense and abnormal movement patterns [21] . A vicious cycle occurs in which the position sense is further decreased when the range of motion is limited and contractures increase over time [27] . Position sense is strongly promoted by activation of the muscle spindle and Golgi organelles in cells of the joint tendons, and muscle spindles cause the activation of position sense and kinesthetic sensation [28] . In patients with stroke, there is a correlation between the degree of restoration of upper extremity function and the sense of joint position, associated with muscle spindles [28] . Shoulder position sense is important for shoulder joint stability [29] . The findings of the present study suggested that sensory information generated by muscles, joints, and skin during active shoulder exercise with a sling suspension system was projected and integrated into the brain to increase position sense.
The study group that underwent active shoulder exercise with the sling suspension system showed significant improvement in upper extremity function compared with the control group in which patients underwent bilateral arm training. Paci et al. [30] reported a direct correlation between shoulder joint subluxation and upper extremity function. Jonsson et al. [31] reported a significant improvement in shoulder function scores in ten patients with shoulder joint instability due to shoulder joint impingement syndrome after undergoing 12 weeks of sling therapy exercise. According to Zorowitz [32] , upper extremity function improves with decreasing shoulder subluxation distance. These findings suggest that active shoulder joint exercise with a sling suspension system may be more helpful in improving shoulder subluxation distance, shoulder proprioception, and upper extremity function patients with acute stroke with shoulder subluxation compared with bilateral arm training.
However, this study had several limitations. The study included a small study population from a single center, which limits the interpretation of the findings. Therefore, the results of the present study should be verified by additional studies with larger sample sizes. Persistent long-term effects were not evaluated because there were was no follow-up after the four-week therapeutic intervention was completed. Long-term follow-up studies should be conducted to confirm the effect of active shoulder joint exercises with the sling suspension system. Also, further studies should be performed to compare the baseline data of the control group without upper limb movement because bilateral upper extremity exercises in the control group led to active assisted movement of the shoulder joint in the paralyzed arm.
Conclusions
There is no exercise program that can induce active muscle contraction at the in the acute stage following stroke, although subluxation most commonly occurs in the acute stage. The findings of this study showed that active shoulder exercise with the sling suspension system reduced shoulder subluxation, and improved proprioception, and upper extremity function in patients with acute stroke with subluxation of the shoulder. Therefore, to reduce shoulder subluxation in patients with acute stroke, active rehabilitation treatment and management should commence immediately after the onset of stroke.
